This paper presents a study about the Libyan Geodetic Datum 2006 (LGD2006) where a triangulation network has been established in a medium-elevation area in Libya. The network is consisted of braced quadrilaterals of 45 km lines in direction of meridians and 7 km lines in direction of parallels. The network distances and angles were accurately measured and then the coordinates were computed. In addition, coordinates of the major traverses points were measured using static GPS observation technique for several hours to ensure the maximum accuracy. GPS measurements were conducted using the World Geodetic System of 1984 (WGS84). Inverse geodetic methods were used to compare the achieved results with those of the Libyan ordinance survey. The results show that the best fit datum for medium-elevation areas (300-500m) in Libya is LGD2006 whereas WGS84 is best for low-elevation areas.
Introduction

Background
As the surface of the earth is irregular and complex, for many centuries geodesists tried to determine the shape of the earth. They found that the most complex model of the earth is the geoid and the simplest model is the ellipsoid. This has led to many different reference ellipsoids around the world. Each country takes the newest reference ellipsoid as its reference datum for surveying purposes. Using an incorrect datum to express coordinates can result in position errors of hundreds of meters. As a result, countries modify the global datums to best fit their topographic relief by minimising the geoid undulations. The resulted new datum is known as the local datum [7] . European datum of 1950 (ED1950) had been used in Libya in late fifties and early sixties of last century. This datum best fits Europe not North Africa. European-Libyan datum of 1979 (ELD1979) is another datum that has been used in Libya. Nowadays the Libyan Geodetic Datum of 2006 (LGD2006), which is based on the international ellipsoid of 1924, is the most used datum for surveying applications in Libya [5] .
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Several researches found that the used ellipsoid for Libya fits only the northern part of the country because of deformations in the datum and that the used ground control points had been established by different companies using different measuring methods.
Aim and Objectives
The overall aim of this paper is to investigate the accuracy of using the LGD2006 for the medium-elevation areas in Libya. This aim will be assessed through investigating the following objectives:
• Choosing study area where ordinance survey ground control points are available.
• Establishment of a triangulation network of braced quadrilaterals of 45 km lines in direction of meridians and 7 km lines in direction of parallels.
• Using static GPS to measure the coordinates of Laplace station.
•
Using geodetic formulas to compute distances and comparing results with those obtained by field observations.
• Establishment of new accurate ground control points to be used in other surveying applications.
2
Test site and Apparatus Used
Test Site
The test site is located in a medium-elevation area (300 to 400m above mean sea level) close to the city of Tarhuna. The site is between longitudes of 13° 30′ E and 13° 54′ E and latitudes of 31° 21′ N and 31° 52′ N. The test site is shown in Figure 1 while Figure 2 illustrates the topography of the site. This site was chosen according to its elevation and to availability of two ground control points from the ordinance survey of Libya. These control points are called GPS 12-3 and GPS 12-4 and are located close to the site. Their coordinates are in LGD2006.
Apparatus Used
The instruments used in this research are: survey of Libya. These points were collected using static GPS with an estimated accuracy of 0.0068 m. These points were used as starting points to establish the network's other points. The number of established control points is 8 and were called CP1 to CP8 . In-between, points were called X1, X2, ……………., Xn . Figure 3 depicts the established control points. 
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The lines' length of the established triangulation network is 45km in the direction of meridians and 7km in the direction of parallels. These lengths were chosen so that the curvature of the earth will be taken into account. The chosen shape of the network is the braced quadrilateral. The control point GPS 12-4 was occupied by the total station and back sight was taken on GPS 12-3 to determine the true north. Then using the total station, the coordinates of all points, azimuths of lines and lengths of network lines were computed. In addition, static GPS observation technique, for several hours, was used to get the coordinates of the control points in WGS84.
Results and Discussion
The obtained coordinates for the control points in LGD2006 (UTM6º) and in WGS84 are shown in Table 1 . 
Transformation of Cartesian coordinates to geodetic coordinates
As the used coordinate system in the network is the Cartesian system and the ellipsoid represents the geodetic coordinate system, it's necessary to represent the relationship between the two systems mathematically according to the theory of cylindrical conformal projection as follows [6] : In addition, Bidshivalf theory was used to get the reverse parameters as following [4] :
The values of ′ 1 , ′ 2 , ′ 3 , … ′ are substituted back into the following formula to transform Cartesian coordinates to geodetic ones:
Latitude can be obtained from the following new formula developed by the geodesist Bidshivalf
Where C' represents the reverse parameters, L represents the longitude, B is the latitude and B0 is the central latitude.
The process is iterative so a Matlab program was developed to perform the conversion of coordinates from Cartesian to geodetic and the reverse process with the possibility to change datums as required. The program has been tested using the ordinance survey control point (GPS 12-3), the discrepancies in coordinates were close to zero and they were as a result of using 8 parameters in the program while the ordinance survey used only 5 parameters. The Matlab program was used to convert the LGD2006 (UTM6º, International Hayford1924) network coordinates to geodetic coordinates, the results are shown in Table 2 . 
Comparing obtained results and ordinance survey results using geodetic formulas
The reverse geodetic formulas were used to compute the lengths of network lines to compare them to those of the ordinance survey to determine the accuracy of LGD2006 in mediumelevation areas.
To compute the distance between two points, first a number of parameters has to be calculated as following [6] : 
2-Geodetic formulas for long distances
If the azimuth is less than 45º, the formula used is: tan = tan cos 12
If the azimuth is more than 45º, the formula is: sin = Another Matlab program was developed using the above formulas to solve the reverse geodetic problems of short and long distances using LGD2006. The results are presented in Table 3 . Using the same Matlab program the distances were computed using the WGS84 datum, the results are shown in Table 4 . 
Discussion of results
The field measurements by the total station is considered as a reference for the purpose of comparison. Comparing the field observations by the total station using the reverse geodetic problems, ordinance survey measurements using LGD2006, and GPS measurements using WGS84, it's clear from Table 3 and Table 4 that there are some differences between the above mentioned measurements. The distances using LGD2006 are closer to reference distances. From Table 3 , the biggest difference between reference distances and short distances computed by reverse geodetic problems is 55cm which is between control points 5 and 6 and the smallest difference for short distances is 16mm which is between control points 4 and 7.
For long distances using LGD2006, the results are almost the same for short distances. When WGS84 datum was used to compute the distances, either short or long, using geodetic problems (Table 4 ), the differences between the resulted distances and the reference ones are bigger than those obtained when using LGD2006 datum. The biggest difference is 65cm between control points 5 and 6 and the smallest difference is 41mm between control points 4 and 7.
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Conclusion and recommendations
A triangulation network was established on a large lot of medium-elevation land using UTM6º (zone 33) and a number of field and office trials and tests were conducted to check the accuracy of LGD2006 in medium-elevation areas. The results show that the best fit datum for areas of elevations 300 to 500m is the LGD2006 and WGS84 is best for areas of low elevations. Based on the research findings, the following recommendations are being made for possible future work.
• Another study should be made on high-elevation areas to check the suitability of LGD2006 in those areas.
• Continuing studies on the ellipsoid used in Libyan datum and its conformance with the geoid.
• Using static GPS to establish high accuracy first class ground control point in all regions of Libya.
